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Effect of Astaxanthin, Vitamin E, and Vitamin C in
Combination with Calorie Restriction on Sperm
Quality and Quantity in Male Rats
Aliasghar Vahidinia1, Ali Reza Rahbar2,
& Mohammad Mehdi Shakoori Mahmoodabadi1
1Department of Nutrition, School of Medicine, Hamadan University of Medical
Sciences, Hamadan, I.R. Iran, 2Department of Nutrition, The Persian Gulf Tropical
Medicine Research Center, Bushehr University of Medical Sciences, Bushehr, I.R. Iran
ABSTRACT. The aim of this study was to investigate the effect of calorie restriction
and dietary antioxidant supplementation separately or in combination on the quality
and quantity of sperm in male rat. Forty male rats were randomly allocated to four
groups of 10 animals each, and fed for at least 86 days with an ad libitum diet (group 1),
a restricted diet (group 2), an ad libitum diet and astaxanthin, vitamin E, and vitamin C
supplements (group 3), or a restricted diet with astaxanthin, vitamin E, and vitamin C
supplements (group 4). At the end of the study period, sperm count and motility were
determined with a hemocytometer, and differences between the groups were analyzed
by analysis of variance. In addition, total antioxidant capacity and 8-epi prostaglandin
F2 alpha were measured at the beginning and end of the study period with an enzyme-
linked immunosorbent assay method. After 86 days, a significantly higher sperm count
was seen in group 4 compared to other groups. The percentage of immotile sperm was
significantly decreased in groups 2, 3, and 4 in comparison to group 1. A significant
increase in total antioxidant capacity was observed in group 3 (p = 0.02) and group 4
(p = 0.02) compared to groups 1 and 2. Antioxidant supplementation with or without
calorie restriction had no significant effect on serum isoprostane level in any group.
Astaxanthinin, combined with vitamin E, vitamin C, and calorie restriction, was able to
ameliorate, in part, infertility in male rats.
KEYWORDS. astaxanthin, (8-epi-PGF2α), 8-epi prostaglandin F2 alpha, infertility,
male, total antioxidant capacity, vitamin C, vitamin E
INTRODUCTION
Infertility in humans is the lack of conception after one year of intercourse
(Stephen & Chandra, 2006), and the rate of infertility in men is believed to be
about 25 to 30% (Katib, 2015). The quantity and quality of sperm in men with
Address correspondence to: Ali Reza Rahbar, Department of Nutrition, The PersianGulf TropicalMedicine
Research Center, Bushehr University of Medical Sciences, Bushehr, I.R. Iran. (E-mail: rahbar alireza@
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1
D
ow
nl
oa
de
d 
by
 [W
eil
l C
or
ne
ll M
ed
ica
l C
oll
eg
e] 
at 
05
:50
 04
 A
ug
us
t 2
01
6 
2 Vahidinia et al.
infertility is reduced concurrently with changes in lifestyle. Obesity is one of the
changes that can lead to infertility (Jensen et al., 2004; Katib, 2015), and in this
connection, it was reported that overweight and obesity in men are linked to
reduced testosterone levels (Sallmen et al., 2006). It is reported that glycation end
products cause sperms dysfunction (Vlassara & Palace, 2002). Calorie restriction is
known to improve insulin resistance and reduce the amount of advanced glycation
end products (Aris et al., 2010). However, in some experimental studies, calorie
restriction has failed to potentiate fertility (Roth et al., 2000); therefore, other
factors apparently play an essential role in infertility.
Oxidative stress, a pathological situation that may be related to unsuccessful re-
productive activity (Palmer et al., 2012; Zorn, Vidmar, & Meden-Vrtovec, 2003)
has been a source of concern as a primary cause of male infertility (Vijayprasad,
Ghongane, & Nayak, 2014). Lipid peroxidation is a major event in oxidative stress
(du Plessis et al., 2011). The testicularmembranes contain large amounts of polyun-
saturated fatty acids, and are thus consequently at risk of peroxidation (Vijayprasad
et al., 2014). In experimental cryptorchidism, the rate of antioxidant enzyme activ-
ity is decreased, and this situation is associated with augmented lipid peroxidation
(Vijayprasad et al., 2014).
Reportedly, lipid peroxidation in the testes makes this tissue vulnerable to ox-
idative stress (Aitken & Roman, 2008). In this connection, it should be noted that
spermatogenesis is a tremendously dynamic replicative process that produces ap-
proximately 1,000 new sperms per second in humans (Aitken&Roman, 2008). The
speed of cell division in this system thus requires high rates of oxygen consumption
bymitochondria in the germinal epithelium (Aitken&Roman, 2008).Under stress-
ful conditions, spermatozoa create low amounts of reactive oxygen species (ROS).
However, excessive ROS produced by leukocytes and immature sperms during
rapid sperm proliferation unambiguously damage sperm deoxyribonucleic acid
(DNA) (Agarwal & Saleh, 2002). In this connection, Agarwal, Tvrda, and Sharma
(2014) demonstrated significantly elevated levels of ROS in teratozoospermia, and
Gvozdjakova et al. (2015) reported enhanced sperm density after supplementa-
tion with ROS-scavenging antioxidants such as L-carnitine, fumarate, ubiquinol,
vitamin E, and vitamin C.
Astaxanthin, a red-orange xanthophyll carotenoid extracted from algae, has a
number of clinical benefits and is high in antioxidant activity (Wang et al., 2015).
This carotenoid has a greater antioxidant activity than other carotenoids because
of the hydroxyl and ketonic end groups located on the ionone rings of its chemical
structure (Guerin, Huntley, & Olaizola, 2003). Reportedly, astaxanthin improves
human sperm capacitation by increasing its activation (Andrisani et al., 2015).
However, astaxanthin is highly susceptible to oxygen, light, and auto-oxidation
(Vasantha, Rupasinghe, & Yasmin, 2010). In addition, there are several studies
that show no change in ROS content following astaxanthin addition in human
cells (Pashkow, Watumull, & Campbell, 2008), in which astaxanthin did not di-
rectly scavenge superoxides. This is probably because astaxanthin, being extremely
lipophilic, can be inserted in the bilayer, while the charged radicals are unable
to cross cell membranes so that contact with astaxanthin becomes improbable
or impossible (Wolf et al., 2010). Several studies have shown that α-tocopherol
and ascorbic acid are less reactive with lipid radicals than astaxanthin, and can
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Astaxanthin and Fertility 3
interact with oxidized forms of astaxanthin to regenerate astaxanthin in a time-
course reaction (Sigurgisladottir et al., 1994; Zhang & Omaye, 2001). However,
the impact of antioxidant supplementation on sperm integrity and motility is small
and controversial (Katib, 2015).
We, therefore, designed the present study to investigate the effect of antioxi-
dant supplementation separately and in combination with calorie restriction on the
quality and quantity of sperm inmale rats. Amixture of astaxanthin, vitamin E, and
vitamin C was used to prevent pro-oxidation processes and favor astaxanthin re-
generation (Vincent et al., 2006). To control for the influence of dietary fat on total
antioxidant capacity (TAC) (Nagata et al., 2000), total fat intake was held constant
during the study period.
MATERIAL AND METHODS
Forty specific pathogen-free young male Wistar rats, 30 days old and weighing
180–250 g, were provided by the Medical Center Animal Research Facility at
Hamedan University of Medical Sciences. During the study period they were
housed in micro-filter-top cages in the animal facility at the Nutrition Department
Laboratory of HamedanUniversity ofMedical Sciences. The animals were allowed
to acclimatize for oneweek at 22.3◦Cwith a 12:12-h light:dark cycle and 60–65%hu-
midity, and were provided with rodent chow and water ad libitum. The rat diet was
supplied by Sahand-Dastchin Co. (Tabriz, Iran) and included the following to cover
the animals’ nutritional requirements: brown rice 10.2%, oats 2.2%, wheat 4.6%,
soy 21.752%, fish meal 2.82%, calcium carbonate 0.711%, dehydrated yeast cul-
ture 1.5%, flax seed meal (linseed) 4.5%, inulin 5.153%, monocalcium phosphate
1.68%, soy oil 35%, cellulose 6.46%, potassium citrate 2.132%, cysteine 0.388%,
choline chloride 0.25%, vitamins 1.292%, and minerals 1.292%. The animals were
randomly allocated to four groups of 10 animals each, which were fed with an ad
libitum diet (group 1); a restricted diet (group 2); an ad libitum diet combined with
astaxanthin, vitamin E, and vitamin C supplements (group 3); and a restricted diet
combined with astaxanthin, vitamin E, and vitamin C supplements (group 4), for at
least 86 days. Rats in group 3 (ad libitum diet and astaxanthin, vitamin E, and vita-
min C supplements) and group 4 (restricted diet with astaxanthin, vitamin E, and
vitamin C supplements) were gavaged every day at 9 am with astaxanthin, vitamin
E, and vitamin C in corresponding doses of 100, 100, and 200 mg/kg, respectively.
The rats in all groups continued to consume their usual diet while taking the antiox-
idant mixture. Antioxidants (vitamin E, vitamin C, and astaxanthin) were supplied
by Zahravi Co. (Tehran, Iran).
Before the study, the amount of food consumed by the rats ad libitum was mea-
sured, and 30% less was given to animals in groups 2 and 4 as the restricted diet.
All animals were weighed daily throughout the study period, and the amount of
food consumed was measured. At the beginning and end of the study period, blood
samples were taken from the tail to measure TAC and 8-epi prostaglandin F2 alpha
(8-epi-PGF2α) with an enzyme-linked immunosorbent assay (ELISA) method. At
the end of the 86th day of the study, the rats were given a lethal overdose of isoflo-
rane by inhalation and killed.
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The cauda epididymis was quickly detached and the supporting fat, blood ves-
sels, and connective tissue were separated and positioned on a plate. The organs
were washed with normal saline to remove blood. Then the cauda epididymis was
incised longitudinally with scissors and compressed with forceps to obtain sperms,
which were placed in a Petri dish with phosphate buffered saline.
SPERM COUNT ANALYSIS
Sperm count was done with a hemocytometer under a light microscope. The caudal
epididymal sperm solution (10 μL) was loaded in a hemocytometer and covered
with a cover slip. The hemocytometer was placed under a light microscope and
viewed under ×400 magnification. Sperm count was recorded by counting 4 × 4
squares horizontally or vertically.
Final sperm count was determined with the following formula described previ-
ously by Rathje, Johnson, and Lunstra (1995):
Sperm count = total number of sperms in 5 squares× 50,000
× 100 (cells/mL).
Only sperm heads that were entirely within the squares were counted.
SPERM MOTILITY ANALYSIS
A hemocytometer was used for sperm motility analysis. After 10-μL caudal epi-
didymal sperm solution was loaded and covered with a cover slip, the hemocy-
tometer was placed under a light microscope and viewed under ×400 magnifica-
tion. The light from the microscope was kept dim to reduce the effect of heat on
sperm motility. The motility grade of spermatids was recorded when they entered
the 4× 4 squares horizontally or vertically (Table 1). Before statistical analysis, the
raw data were tabulated as percentages with the following formula:
Percentage of sperms in a given grade = Number of sperms in that grade
× 100/Total number of sperms in all grades.
ANTIOXIDANT EVALUATION
Plasma TAC was determined with the new-generation 2,2′-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) radical cation method (Randox,
Kearneysville, WV, USA) (Erel, 2004). Serum 8-epi prostaglandin F2α was
TABLE 1. Sperm motility characteristics
Grade Characteristics
Grade 1 Immotile sperm
Grade 2 Sperm with non-progressive motility: No forward movement despite vibration-like
tail movements
Grade 3 Sperm with non-linear motility: Forward movement but with a tendency toward
curved or crooked trajectories
Grade 4 Sperm with progressive motility: Strong, fast swimming in a straight line
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Astaxanthin and Fertility 5
determined with an ELISA method (Cayman’s 8-Isoprostane EIA Kit, No.
516351, Cayman Chemical Company, Ann Arbor, MI, USA). Intra- and inter-
assay variation was 12.6–19.9% and 10.5–9.6%, respectively.
All experimental protocols were used under approval from the Animal Care
and Use Committee for Animal Investigation. The experimental procedures were
conducted in a manner consistent with the relevant ethical guidelines for animal
research.
STATISTICAL ANALYSIS
The distribution of variables was studied with probability plots and the
Shapiro–Wilks test. The post-intervention differences between groups were ana-
lyzed by one-way analysis of variance (ANOVA). The least significant difference
(LSD) test was used wherever there was a main effect to compare variables be-
tween each group separately; p < 0.05 was accepted as significant.
Statistical analyses were done with the SPSS v. 15 statistical software package
(SPSS Inc., Chicago, IL, USA).
RESULTS
Body Weight
Mean body weight in all four groups during the 86-day study period is shown in
Table 2. At baseline, mean body weight was 115.41 ± 15.59 g in group 1, 115.66 ±
18.08 g in group 2, 115.50 ± 14.73 g in group 3, and 115.25 ± 17.06 g in group 4; and
at the end of the study, body weight had increased to 284.41 ± 45.95 g, 258.50 ±
13.39 g, 267.91 ± 47.77 g, and 232.16 ± 23.18 g, respectively. The changes in weight
in group 2 was significantly lower than in group 1, and it was also significantly lower
in group 4 than in group 3 (Table 2).
Total Calorie Intake
Total calorie intake during the 86-day study period in group 2 was significantly
lower than in group 1, and it was also significantly lower in group 4 than in group 3
(Table 2).
Epididymis Weight
Epididymis weight and epididymis fat/epididymis ratio did not differ significantly
between groups at the end of the study period (Table 2).
Sperm Count and Motility
After 86 days, a significant increase in mean sperm count was seen in group 4
(p = 0.01) compared to group 3 (Table 2). Percentage of immotile sperm was sig-
nificantly lower in groups 2, 3, and 4 compared to group 1 (p = 0.001).
Serum Antioxidants
A significant increase in TAC was observed in group 3 (p = 0.02) and group 4
(p= 0.001) compared to groups 1 and 2 (Table 2). In rats given dietary antioxidant
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supplementation with (group 4) or without calorie restriction (group 3), there were
no significant differences in 8-epi-PGF2α compared to groups 1 or 2 (Table 2).
DISCUSSION
The findings of this study showed a significant increase in sperm count and qual-
ity in the groups of rats fed with a mixture of astaxanthin, vitamin E, and vitamin
C combined with calorie restriction. Some studies have reported increased fertil-
ity after weight loss (Heracek, Sobotka, & Urban, 2012; Katib, 2015). Moderate
weight loss during long-term calorie restriction is associated with a marked clinical
improvement in insulin resistance (Kiddy et al., 1992). Low testosterone levels are
known to be correlated with insulin resistance and obesity (Tsai et al., 2004). The
low sperm counts observed in male obesity are, at least in part, a result of changes
in the hypothalamus–pituitary gland (HPG) axis through decreased testosterone
levels (Grossmann, 2011). Our data, however, did not show any significant change
in sperm count after feeding with a calorie-restricted diet.
A paradoxical impact of calorie restriction on infertility has been reported
(Black et al., 2001; Lane, Ingram, & Roth, 1997; Lane et al., 2001; Roth et al., 2000;
Sitzmann et al., 2014). Data from studies in female rhesus macaques show that re-
productive hormones are not affected by long-term moderate calorie restriction,
whereas in male rhesus macaques, calorie restriction inhibits maturation-related
testosterone secretion (Black et al., 2001; Lane et al., 1997; Roth et al., 2000).
The administration of astaxanthin, combined with vitamin E and vitamin C, in
our study appeared to play an essential role in improving sperm quality and quan-
tity in rats. Kessopoulou et al. (1995) reported that the oral administration of vi-
tamin E significantly improved the in vitro function of human spermatozoa as as-
sessed by the Zona binding test. Vitamin C also has been shown to enhance sperm
quantity and improve semen quality in rats (Vijayprasad et al., 2014).
Recently, astaxanthin has been reported to improve sperm capacitation and
functions by improving redox system imbalance (Tripathi & Jena, 2008). Comhaire
and colleagues (2003) found that astaxanthin decreased ROS produced by Sertoli
cells. In addition, astaxanthin reportedly protects steroidogenesis from hydrogen
peroxide-induced oxidative stress in mouse Leydig cells (Wang et al., 2015). It
should be noted that testosterone as a steroid is always at risk of oxidation.
The relationship between leptin, antioxidants, and male infertility may provide
an explanation for improved sperm counts after dietary antioxidant supplemen-
tation. A strong link was found between adipocyte secretion of leptin and go-
nadotropin hormone secretion. Since leptin regulates gonadotropin-releasing hor-
mone secretion in the hypothalamus, it acts as a surreptitious signal that asso-
ciates metabolic status to the reproductive axis (Hausman, Barb, & Lents, 2012).
An increase in leptin levels significantly decreases the production of testosterone
from Leydig cells (Caprio et al., 1999). This effect explains why high leptin lev-
els, usually found in obese males (Caro et al., 1996), might affect the HPG axis
and lead to decreased testosterone production. Several reports found that antioxi-
dants also decrease leptin levels. For example, Xiong et al. (2014) reported that vi-
tamin E decreased serum leptin by reducing the signal transducer and activator of
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8 Vahidinia et al.
transcription 3. In addition, vitaminC causes a dramatic decrease in leptin secretion
by inhibiting insulin receptor substrate 3 (irs3) (Garcia-Diaz et al., 2010).
Reportedly, astaxanthin is also able to reduce leptin levels. Ruscica et al. (2014)
administered astaxanthin to 30 patients with metabolic syndrome and observed
improvements in the leptin to adiponectin ratio. Together, these studies and our
results suggest that a synergic impact of calorie restriction and antioxidant supple-
mentation on leptin secretion enhances sperm count and motility, and may thus
improve fertility.
Although the calorie-restricted diet used in the present study did not change
sperm count, it increased spermmotility compared with the rats fed with ad libitum
diet. This is consistent with the findings published by Fernandez et al. (2011), who
reported that sperm quality was reduced in rats fed with a diet intended to induce
fattening, i.e., the percentage of spermwith progressive movement decreased. Kort
et al. (2006) also found an inverse relationship between bodymass index (BMI) and
the total number of normal-motile sperm cells. A study in male NewZealand white
rabbits that were made diabetic found high levels of advanced glycation end prod-
uct Nε-carboxymethyl-lysine and its receptor in the testes, epididymis, and sperms
(Mallidis et al., 2011). Glycation end products are known to cause cellular dysfunc-
tion, oxidative stress, and deoxyribonucleic acid (DNA) damage in various organs
under a variety of conditions (Vlassara & Palace, 2002). We hypothesize that they
may also play a role in reduced sperm motility.
Calorie restriction is known to improve insulin resistance and reduce the
amount of advanced glycation end products (Aris et al., 2010). In this connection,
we found that dietary supplementation with astaxanthin combined with vitamin
E and vitamin C also decreased the percentage of non-motile sperms regardless
of whether the animals were allowed food ad libitum or given a calorie-restricted
diet. This result is consistent with the study by ElSheikh et al. (2015), who
found improvements in mean total sperm motility after six months of vitamin
E supplementation. Zhao et al. (2015) also examined the effect of a mixture
of vitamin E and vitamin C on sperm motility in bulls, and observed the same
result. Moreover, dietary supplementation with astaxanthin has been found
to improve sperm motility in both animal models and humans (Comhaire &
Mahmoud, 2003; Tizkar et al., 2015). Collectively, ROS damage cytoplasmic
organelles, such as the sperm flagellum, and thus lead to loss of motility (Aitken,
Jones, & Robertson, 2012). Our results suggest that antioxidant agents such as as-
taxantin, vitamin E, and vitamin C may improve sperm motility by inhibiting ROS
production.
We observed no significant changes in epididymis weight or fat/epididymis ra-
tio in the present study. This result is consistent with the findings of Edmonds,
Dallie, and Withyachumnarnkul (1982), who reported no difference in the weight
of testes or ventral prostate in Zucker rats, a genetic model of obesity, com-
pared with lean rats. Similarly, diet-induced obesity in male mice was not asso-
ciated with changes in the average weight of testes or epididymis (Ghanayem
et al., 2010). These findings show that the direct influence of calorie restriction
and antioxidant supplementation (together or separately) on ROS and conse-
quently spermatogenesis or sperm quality is independent of total fat content in the
epididymis.
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LIMITATIONS AND STRENGTHS OF THE STUDY
The main strength of this study was that we used more than one antioxidant to
regenerate astaxanthin, amajor advantage compared to previous studies that tested
only one antioxidant.
The main limitation of our study was that we did not measure sperm quality and
quantity, or determine epididymis weight or the fat/epididymis ratio at the begin-
ning of the study – this would have made it possible to examine changes in these
parameters during the study period. However, it is not possible to weigh the epi-
didymis or determine the fat/epididymis ratio without killing the rats.
CONCLUSIONS
Feeding astaxanthin in combination with vitamin E and vitamin C, together with
calorie restriction, was able to ameliorate, at least in part, infertility in male rats.
It is noteworthy to mention that life style modifications (calorie restriction and an-
tioxidant consumption) lead to improvement in fertility potency.
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